Abstract. The imbalance of heat rejection to and heat extraction from the ground has dramatic effect on the performance of a GSHP system, thus affects the heating and cooling energy usage of a building. A parametric study based on different heat rejection/extraction (R/E) ratio was conducted for a 20-year life period to analyze the effect of such imbalance on the energy consumption increment. An analytical relationship between R/E ratio and energy usage factor was concluded for current configuration of ground heat exchanger (GHX). A design guideline is recommended based on the spacing heating and cooling load ratio of a building.
Introduction
As an important renewable energy technology, ground-source heat pump (GSHP) is both energy efficient and environmental friendly. China is promising a 40%~45% carbon emission intensity cut before Copenhagen Climate Conference 2009[1] and application of GSHP system to buildings is under the financial incentive [2] . According to 3859 GSHP projects investigated [3] , GSHP systems are geographically distributed in almost all Chinese provinces. However, the difference between heat extraction and rejection affects both the life-cycle period and energy consumption of a system. A short time step response factor model is proved to be sufficient and accurate in vertical ground loop heat exchanger modeling [4] and such model is adopted by energy simulation software such as Energyplus [5] and eQuest [6, 7] . A typical high-rise office building located in Nanjing was selected. The building was designed to use GSHP to serve both heating and cooling demand. The study focuses on evaluating the feasibility of GSHP system on buildings in terms of heat injection/extraction ratio as well as the effect of operating time on energy performance of GSHP system.
Building Energy Model
The 17-story office building investigated is located in Nanjing. It is 42m×30m with floor to floor height of 3.2m and floor to ceiling height of 2.7m. The basic construction of the building is as Table 1 . A GSHP system with vertical ground loop heat exchanger is utilized. The balance of the rejection/extraction (R/E) has great effect on the life-cycle period. The simulation was conducted first for the current location and then extended to other 8 cities in different typical climate zones of China.
For each city, a 20-year simulation was conduction and the result was analyzed for each year in terms of energy consumption and R/E ratio.
Result and Discussion
Both heating and cooling utilized electricity as source energy and the chiller is air-cooled for the condenser side. The result is as Figure 1 . By adopting GSHP system, approximately 46% electricity can be saved. The space heating and cooling energy usage increases with the increase of operating years. Table 2 shows a 21-year result where year 1 represents the 1 st year result. The result of following 20 years was normalized by the 1 st year energy use. With first 2 years excluded from the points, the total energy usage shows a pretty good logarithm relationship with the number of operating years. The increasing energy usage indicates that the GSHP system is becoming lower efficient with running period. This is because the heat rejection is not equal to heat extraction from the ground. Table 3 summarizes the R/E ratio for different locations. Even for the cities in severe cold climate region where space heating is dominant compared to cooling, the R/E ratio is still larger than 1, which indicates that for a typical office building, space heating can be partially satisfied by relatively large internal gain. Figure 2 shows the normalized energy usage with variation of time for Nanjing. The same parametric running was conducted for those different locations mentioned above. For Guangzhou as in Figure 3 , which is located in warm winter area, the GSHP loop exceed the high limit, indicating that the current system is not sufficient in providing enough cooling to the building.
Figure 2.
Normalized H/C energy usage variation with operating years for Nanjing. Total GHX was increased to 50 instead of 30. The R/E ratio for this city is more than 300 and the space conditioning usage increases rapidly with time. For such building, the life-cycle period will be much shorter if it's located in a warm area than in cold area. The impact of R/E ratio on the life-cycle period of a GSHP system is the imbalance of heating and cooling load for different areas.
(1) (2) To balance the heat gain and loss of the ground, R/E should be equal to 1. Assume heating and cooling COP is close to each other we can get Equation (3).
(3) The ideal building for utilization of a GSHP system should satisfy such relationship of heating and cooling load. Since the R/E ratio or H/C load ratio can affect the life-cycle period of GSHP system dramatically, the incentive should differentiate the building from such aspect.
Regression Analysis
The simulation was extended to different cities located at different climate zones. For all of these locations, the normalized space conditioning energy usage has logarithm relationship with the total operating years as Equation (4).
(4) Where Y represents how many times of energy used in a year compared with the first year, t represents the total operation time (years) of the system. a is a factor determining the energy consumption increment speed in the future years, which is defined as energy usage factor here. For different cities, the R/E ratio is assumed to determine the factor "a". The regression of usage factor "a" and R/E ratio is as Figure 4 . The two parameters show a relationship as Equation (5).
The result for Guangzhou is excluded from the plot since it's way off the regression trend line. The reason is that more GHX units are installed for Guangzhou case to meet the cooling load, and such a result indicates that the regression can only valid for current GHX loop. To verify the method, the system was assigned to a different building located in Wuhan and the energy consumption increasing with the total operation period is as Figure 5 . . Normalized H/C energy usage variation with operating years for Wuhan. Here the R/E ratio is 5.9 and the calculated energy usage factor a=0.028 and the percentage error to the actual value a=0.0237 is:
(0.028-0.0237)/0.0237*100%=18.2%
Conclusion
A high-rise office building with GSHP system was simulated. It is found that due to the imbalance of heat ejection to and extraction from the ground, the space conditioning energy usage increase with total operating period along logarithm line. The speed of such energy usage increment is determined by the imbalance of R/E. A design guideline was recommended base on the R/E=1 to avoid the energy increasing from time to time. An analytical relationship between energy usage factor and R/E ratio was concluded and verified for current GHX configuration. For a typical office building, the heat ejection to the ground is easy to exceed the amount of heat extraction even in severe cold climate zone, which mean the current government supportive policy should give more credit to the location where space heating is a main issue or buildings which heating load is dominant.
